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The influencc of tanning agents on the graftin!: of methyl methacrylate .. \; 
onto collngen has been investigated. The results obtained indicated that 
zirconium and alumini'utll tanning lead to increased degree of grafiing; where· 
<IS chromium, syntan <lnd vegetable lannagcs lead to a decfease i~ percentage 
grafting. Although Ce (IV) has been shown to oxidise the Cr (III) complexes 
that arc in\'olvcd in. talll1.ing. percentage grafting is nol rcduced very much, 
More t 11:1 11 the c,ol1lpetitioll or tanning agents (or grafting s.itc!. the initiator-
tanning agellf. reactions govern mainly the grafting cllicicnc\'. 
Preliminary invc~tigalions 011 grafting 
"in")'} polymers (;iito tanned collagell/lcathers) 
carried oui 'by "Rao,t" Nayudamma et al,· 
reported that in the 'application of grafting 
techniques in Icather processing. the grain 
surface becomes rough on grarting unless it 
is fixed by some sttitable tanning agents. 
Some investigations on grafting of leathers 
were .ilso carried out using chromc tanncd 
leathers.,-e 
The influencc of chrollle tannagc as well as 
oihcrtannages on grafting has not yct been 
studied. systematic:illy. The object .ilf the 
. pre.sent investigation is to study'thc indivi-
du"al effect of various common tannages 
practised in the industry and assess their 
influence <in grafing. 
Experimcntlll 
(a) Materials 
----~--.--....... -.. -.... - .. --- ....... ---
• Based on the thesis (If K.S.B. approved fur the award 
of the Ph.D. Degree or the Madws University. 
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Cullagcn powdcr, prcparcd by standald 
methods was used. I llasic chromium sulph.:J.tc 
(B & C extrdct powderY and. zirconlulll 
sulph:lte used \\'cre' of commercial qual it)'. 
Basic aluminium sulphate was prcpared 
according to standard mcthods. ' Other 
reagents used were or laboratory grade. 
(b) Tallning lIl<'thods 
"" thc tannages (cross-linking):, werc 
carried out as t1cscribcd by Rang:lIi'a'lhanl~ 
and Rao' and analyscd by Official Methods 
of Analysis. II 
.~ 
(c) Mode of grafting 
The grafting of methylmcthacrylate onto 
various tanned hidc powders was carried out 
using ceric <Immonium nitrate.(,7.5 x 10""[\,1) 
initiating tcchnique. The procedure used for 
graft copolymerisation reaction has been 
described ill the c;lrlicr publications. I ,'.1I 
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(d) (~etcrlllinat.ion of dClfln· (If lannage 
wa~ earneoout uSlIlg the I1lc~hod of Rao." 
(c) l'crc('JJtage gra/lillK 
The percentage graft in/;! wtlS estimated 
fro III total nitrogcn cOlltent. 1 Nitrogen was 
estimated hy micro kjeldahl method. Artcr 
allowing for tannin content, percentage 
grarting was calculated. 
( n Spectropflotometr ic jlll'erSt igal iO/1.f 
S' I .. j. I 
. pectrop IOtollletnc IlIve~lIgatlon~ on I Ie 
interaction of Ce(lV) and talllling (mineral) 
!'oilltions were carried outl on a Beckman 
DU spectrophotometer. Tanning solutions 
(containing .1.0 g Cr,Osor '12 g of AllIO. or 
ZrO. in 400 ml}were prepare11 at I HNO, ] ~ 
0.05 M. 1\ solution of lIlllllloniulIl cerie 
nitrate [ 5,0 X IO·.M in Cec\V) and 0.05 rv! 
in (I-1NO,'l] \\'(\$ al~(1 prepaired. Arter an 
addition or equal volume (Irt~~l\nil1.!! solutions 
(1.51111) and amnWnill11l eerie [nitrate (1.5 mJ) 
spectra \\'('n~ recorded at fllI.Hll ll'llIperaturc 
as a function oftimc o\'er a period of J hours. 
The absorhance changc~ were maximum at 
350 nt1l and thercl'orc ~)ptical Jcnsities at that 
wavelength alone were monilored. 
Hrsuits 
. The pen:elltage. grafting 11' melllylllleth· 
acrylate onto leathers 'tanlled hy various 
tanning agents using CetlV) 1s the initiator 
have heen tabulated in Tahle I. The de!.!rcc 
of tannage ;t1so has been £ivol1n aIOI.)gSi.lle or 
percentage grafting. The treatment of 
\'egetable tanned hide powd1r with Ce(lV) 
leads to darkening of colour, Chrome talln-
ing compLexes arc found 10 rcal:! wilh 
Ce(lV) and rcsults·.~.pr, speclrophotolllctric 
investigations arc pres-Ci1ted in Tal~l~ 2. 
11'1'1'1 ,'I'!'fT'l" 
b;ls.cd lanll:lges ~uch as vegetahle and syntan 
reduce. lite percentage grarting appreciably, 
the lIIinel:al tanning ':Igenls such as Cr(III), 
Zr(1V) and AI(lIl) inerea~e perccntage 
grafting. The differential behaviour or 
din'erellt tanning agents can also be attributed 
to the levcls of hydrophobicity alid swellillg 
characteristics of the fibre, rcactions of Ille 
tanlling agents with initiators and JIlonOJlll'r 
and also the reactive sites of collagen. Tllis 
observation thai grafling on Zr(IV) lanncJ 
leathers is 1I10re clflcicnt than on Cr(lll) 
tanneu leather shows that the fllling nature 
or ZrtlV) tannage docs 110\ interfere in 
l!raftiJlg. 
TAULE I 
ElTecl (;1' lannlng Ilg~IIIS Oil C('(/V) inilialed grarlill:; 
of poly (mclhyhncthal'rylalel 01110 eollagcn-
=======.- _.:_-------------=-_._-_., 
Normal hide powder 
\VOlule 
!-.·Iyrob 
Synl<ln 
ChromiulIl (III) 
l.irconilllll (IV) 
AlulIlillilnH (111) 
(lrajl ill{! Vc '1"('(: of ~i.H·t1 /;. .. II/IIIl'f111 
.~:, IOIlJlII'}!' II,\.iff,,' l' 
" ,. 
". 
," 
... _---
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I : II 
J(, 3(1,.\ 
32 17.'/ 
32 22.2 
'I') t .\.H (, •. 1 
350 lilt) s.~ 
2'N 2 .4 1.1 
... _-_ .. _--_._-
ICc IIV) I = 2.5 ;-: 10 '1'.1, (111'0, I = 0.02) ;\1 
I !-.lclhylmdhaerylate.l 7" O.S :\'1 
~ Degree of tanning \\';lS estimated rrulll the \(I(a\ 
nilrogen content as ill the case or percenlal'·': 
grafting. 
t Obtained. by Ihe analysis or Illineral oxide. 
'flle importance of till! Illiti,(turs and thCl1 
propl!rlics in grarting has already bCCH 
established. Any possihle re;tcti()I\ or thl: 
U iSClIssioll 
,:. 'Initiator ·wjtlh.c!lcanlling agellt (an IIltrodllec 
.' large' t.IiJrC}~ellces in tile pcn.:cnla!:!-c grartin~!. 
The percentage grafting unde~ comg~/ahl~;::}'lfC vcg.etable tanningn~alerials and s),ntan! •. 
conditiolis shows a remarkabile dependence V'm gC.llelal, h~ne phenolIc OH glOUpS \\'hl(1I 
on the nature of tann:lge. WI~ilc the phenol- arc easily oxidisable into qllinclIl(,s by p0\Vcr·· 
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rul oxidants such as Ce(l V). In the case of 
such reactions, one would expect darkening 
of tanned hide .powder,. \vhich is indeed 
observed. These oxidation reactions will not 
only rcdu~c thc amount or availablc iniljalMs 
for the grafting reactions but also will 
produce .radlcal ions thr\t arc capablc of' 
quenching polymcrisation. 
TAUUU 
Spec:lrophntollletric !""cstigatlnll' III. the re:lt'l!oll or IIIlnernl IRRning ngents wilh cerium (IV) 
Optical dCIIl"ilyal 350 1111/ 
TOlm;IIC SO/IIIiOIIS (I .fll 60 !In /'() /50 (111;11.) 
180 
(111;11.; (lIIill.) (III;II.j (111;11., (111;11. ) (111;11.) 
ChromiulIl (III,) 0.6411 0.620 0.611S 0.595 0.579 o.sw 0.550 
0.804 ZirconiulII (tV) tUB O.SIl. 0.1118 0.812 0.812 (1806 
Aluminiulll (III) 0.16l 11.762 0.758 0.159 n. 7 5<) 0.754 0.756 
.. ---- -----------.--.---.--~-- ... -------- ._-_ .. _----_._._ .. "- ..... 
rCc(lV) 1= 2.S;'; 10-':'1, [IINO~I = Q.OZ5\1. 
Similarly. ill the ease of Ce(IV) initiated 
grafting procedure {J11 chromc tanned leather, 
I he 1',.11 ()wi ng non· ~lllll p\ctllcnta ry rcad ion s 
arc Ilf reicvance.'! 
Cell\,) + Crllll,~('nIV) + Ce(lll) (I) 
Cr( I V) ... Cc(I\'I~.'r{.v) + (":IJ1I , (2) 
Cr(V) + Cc(IV)~~r(VI) + (\'11" ) ( .l) 
The reactive intcnncdiates CrtV) and 
Crt IV) may participate in redox reactions 
with organic flIdicals, It is conceivable that 
reaction!; represcnted in equations (I) to 
(3) may reduce the mnollnt (If Cr (IV) 
available for grafting. Chain tr;\IIsfcr 
rcnctiolls involving higher ,,~lIent Cr are·also 
pos!>ible. No such reactions can he envisaged 
between AI("') - Cc(IV) andZ((lV)':' Cc(lV) 
complexes. AJthough AI(JlI) and Zr(IV) 
complexes invol\'cd in ta;lJling' :;re a~~~lmed 
to contain coordinatcd OJ[ 'groups, it is 
unlikely that Ce (IV) may in fact be involvcd 
in any complex formation or redox' processes. 
This argument has been substantiatcd hy the 
rollowing spectrophotometric in\'csli~wtions 
on tanning solutions. 
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On l11ixingCe(l\') SOluli()/1s (2.5 x 10 '1\'1) 
with tanning solution (0.25 g Cr70,! LIO() 
Inl., U.3 g. AI,C), J 400 011 and 0.3 Zr().: ~ 
400 mI.) spcclropilolOJllClric d1:lngcs ;Irc 
~)hser\'cd only wilh Cr.O, solutioll U\"\.'I" 01 
period III'] hours. Tit.: del~:ly of (\~!I V) i·; 
monitored at :150 11111. 'I1.c ab~eilL'c of a'fI~' . 
reaction or /\1(111) and bOV) willi Ce(IV) 
is indicnled h\' Ihl' L'OIl~lan('y in tile :11'·.;(1r 
hcm'e (Tahle 2-, . 
As for the po<,sihlc ~olllpetiti\'c initibitill/l 
by tanning agents, the main groups involved. 
with difrcrent tanning agcnts vary. The 
mcchanism prop()~cd roJ' syntan and vegetable 
lannage involves the parlic:ipation of'tcrtninal 
NH t • CONI-I, CONH t , and other aromatic 
01·1 groups." Similarly, ZI' tannage involve . , 
free NI'I, and CO~I r groups." The side· 
chain carhoxyl grql!pS al'e kno\l'n 10 parlici-.· 
pate in chromium ,;llld alullliniulll lannillg . 
On fhe other hand. tile mcchanism prop{1".'d 
hy Rao ('t al"" for grafiing of melhyl 
methacrylate using Ce(IV) as initiator invllln:, 
the pcll'ticip':ilion or CONI-I, OH and Nil, 
groups. Dcamil1ated hidc powder has becn 
shown to graI'l Icss tllan norlllal hilk 
~ .• ; 't. 
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I,:" POWder. , ... , TherefOr!, if the tanninl! agents 
~ hehave as competitive inhibitors, it would be ~ expected t!lat veget'l ble, syntall and Zr 
1 tanning inaterials will behave a~ competitive 
!:!rarting as compared 10 the normal hide' 
powder. Although these tallllages arc or 
lilling nature, the possible reactions of 
vegetable tanning matertals with Ce(lV) 
involving radical formation and reductiQlI III 
initiator concentration may be the reason for 
the decreased grafting dlkiency. 
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